INTRODUCTION
The Asian Elephant was recognized as an endangered species in 1975 after its inclusion in Appendix I of CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora) (Bisht 2002 ) and listed as "Endangered" on the IUCN Red List of Threatened Species (IUCN 2017 ). These elephants are found in a variety of habitats that include grasslands, tropical evergreen, moist deciduous, dry deciduous and dry thorn forests, as well as secondary forest, scrublands, and cultivated areas (Sukumar 2003) . Armbruster & Lande (1993) stated that human encroachment of natural habitats is one of the most critical issues facing elephant conservation. In Asia, elephants have lost extensive habitat areas, and as a result, conflicts with people have increased (Santiapillai 1997) .
In Nepal, elephants are distributed throughout the lowland Terai in four isolated populations ranging over 10,982km 2 of forest habitat (DNPWC 2008) . The estimated number of resident wild elephants in Nepal is between 107 and 145 (DNPWC 2008; Pradhan et al. 2011) . The eastern population has 7-15 resident animals and 100 migratory animals from India. In central Nepal, 20-25 elephants reside primarily in Parsa National Park (PNP) and Chitwan National Park (CNP). The western and far western populations consist of 60-80, and 15-20, wild elephants respectively (DNPWC 2008; Pradhan et al. 2011) .
Habitat conservation is an important aspect of wildlife conservation, and habitat suitability analysis is an essential aspect of management of wild animals such as elephants. Habitat suitability modeling can predict the quality and suitability of habitats for given species based on predictor variables such as topography (aspect, slope, altitude), climate (temperature, precipitation) and other biotic and abiotic factors. Different methods of modeling are used to determine suitable habitats for elephants. The boosted regression trees (BRT) method is an ensemble tree-based species distribution modelling technique that iteratively grows small/ simple trees based on the residuals from all previous trees (Elith et al. 2008) . BRT has proven useful for working with large datasets of environmental variables and observations (Elith et al. 2008) . For example it has been used to identify determinants of above ground biomass (Adhikari et al. 2017 ) and fish species distribution (Elith et al. 2008; Trigal & Degerman 2015) . BRT and geographic information have also proven to be effective in the assessment of habitat quality.
The present study aims: 1) to assess the suitable habitat of elephants, and 2) to determine which explanatory variables better explain elephant presence in PNP and buffer zone. This study has assessed habitat suitability in order to provide insights towards better management of elephant populations.
METHODS AND MATERIALS

Study area
The study was conducted in Parsa National Park (PNP) and its buffer zone (BZ), located in the sub-tropical zone of the southern part of Nepal. It has an area of 627km 2 . In 1984, PNP was established to preserve the habitat of natural populations of Asian Elephant Elephas maximus, Tiger Panthera tigris, and Gaur Bos gaurus (Rimal et al. 2018) . The BZ of PNP was declared in 2005, which covers an area of 285.17km 2 encompassing three districts and 11 village development committees (VDC) ( Figure 1 ). The region experiences four different seasons: summer (April-June), rainy/monsoon (July-September), winter (October-December), and spring (January-March). 
Quantitative data collection
Field work was conducted during the morning hours of May-June 2017. In reconnaissance, the habitats preferred by elephants were identified in consultation with local people. Questions concerned areas where elephants were frequently sighted, places where indirect signs of elephants were found, and availability of water. Reconnaissance field visits were made with the help of elephant rides, on foot and by vehicle, and areas were allocated into blocks according to habitat types. Sample plot centers were positioned using hand-held Garmin Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2019 | 11(13): 14643-14654 14645 global positioning system (GPS) with a 2-5 m accuracy. Nested quadrats of different size were purposively assigned in the study area ( Figure 2 ). Total 67 plots were assigned and used to assess the status of tree, pole and regeneration condition. Quadrats of 10m × 10m were set in the study area to calculate the intensity for tree species. All plant species within each quadrat were identified and counted. For trees, trunk diameter at breast height (DBH; 1.3m) and height was measured. Quadrats of 5m × 5m were allocated randomly for shrubs. Herbs and regeneration were recorded from nesting sampling of 1m × 1m quadrate within the 5m × 5m quadrate.
Tree diameter, height, dominant species, crown cover and ground cover were measured, poles and regeneration were counted and in cases of grasses, clumps were counted within each quadrat. Plant species were identified by a local para-taxonomist, field guide and also based on literature related to plant identification in Nepal (Rimal et al. 2018) . Leaves of unidentified tree species were brought to the faculty of forestry at Agriculture and Forestry University (AFU) and were identified.
To assess the habitat, important value index (IVI) and prominence value (PV) of vegetation available in the habitat range is crucial. The vegetation data collected in the field were used to calculate IVI, density, relative density, frequency, and relative frequency of the tree species by using equations 1-8 explained in Greig-Smith (1983) . The IVI of a species signifies its dominance and ecological success, its good power of regeneration and greater amplitude. The IVI was calculated by using three measures including relative frequency, relative density, and relative dominance. Vegetation data were calculated following the broad principle described by Mishra (1968) and Mueller-Dombois & Elienberg (1974) . Basal area helps to determine the dominance and nature of the community and it refers to the actual ground covered by the stems. Density is generally used for large plants that have discrete individuals (Zobel et al. 1987) . Frequency and relative frequency give an index on the spatial distribution of a species (Krebs 1978) . To calculate the 
Explanatory variables for modeling of habitat suitability distribution
A range of explanatory variables was derived from geospatial data sets for modeling habitat suitability. Table 1 presents the complete list of variables. The slope, aspects, and altitude were derived from the Japan Aerospace Exploration Agency (JAXA) digital elevation model (dem). Precipitation and temperature were downloaded from WorldClim data. Field measurements, dominant species, habitat preference, segment type, crown and ground cover and substrate conditions were derived. All topographic, climatic, and land use data available for the study area were resampled to 30m resolution and UTM 45N, WGS 84 projection system. For each absence and presence of GPS location, these variables were extracted. The correlation co-efficient between the explanatory variables and presenceabsence data of elephant is shown in Appendix 1.
Statistical analysis
Boosted regression tree (BRT) (Elith et al. 2008) was used for examining the habitat preference area for elephant. BRT handles different types of predictor variables and accommodates missing data (Elith et al. 2008 ). Besides these, there is no need for prior data transformation or elimination of outliers. This is an advanced form of regression methods, which consists of two component-regression trees and boosting. BRT analysis was done using the 'dismo' package in R. The Bernoulli error distribution was used. Furthermore, the minimum predictive error was achieved when using a learning rate of 0.001, tree complexity (interaction depth) of 5, bag fraction of 0.75 and tolerance method "fixed". All predictor variables were used as BRT can handle multi-collinearity among variables.
RESULTS
Habitat assessment
IVI was calculated to find out the dominant tree species (Appendix 2) and prominence value was observed in the case of shrubs and herbs (Appendix 3 & 4). We calculated the species diversity of the study area for trees. Fifty-seven species were present in the quadrates; among them, 10 tree species were the dominant tree species present in the study area. In the study area, Sal (IVI-50.7753) was found most dominant and Careya arborea (IVI-5.2802) as least dominant. The species including Mallotus philipinensis, Dillenia pentagaina, and Careya arborea have the highest IVI among all, and they are the most preferred species of the elephant.
To determine the preferred habitat used by elephant, we calculated the PV of shrubs and herbs. Among 40 species, each of shrubs and herbs was present in the study area. Among the shrub species, Eupatorium spp. (PV-306.25) was the most abundant species and Bauhinia vahilli (PV-53.07) was the least abundant. Among the herb species, Imperata cylindrica (PV-317.66) was the most abundant and Piper longum (PV-29.48) the least abundant. The shrub species including Eupatorium odoratum, Leea macrophylla, and Cleroden dronviscosum and herb species including Imperata cylindrica, Saccharum spontaneum, and Fritillaria camschatcensis have the highest PV among all species found in the study area as well as, they are the most preferred species of the elephant in the study area.
Habitat suitability
The total deviance explained by the BRT model was 0.16. The correlation between different variables, including presence-absence, altitude, land cover of the plot, segment type, substrate condition, dominant species, ground cover, crown cover, habitat preference, (Figure 3 ). Dominant species (34%), temperature (15.3%), altitude (12.4%), habitat preference (11.1%) and precipitation (8.8 %) have the highest relative influence percentage and play a crucial role in the elephant distribution based on these plots. For more details on how they were calculated and model parameters used, see Sharma (2017).
On the basis of partial dependence plots, the elephant was more available at the altitude of 250-350 m with precipitation 310mm. The suitable habitat for the elephant was at the temperature of 28.5°C, a slope of 0-5° and in the northeastern and southeastern regions. Dominant species shows that Acacia catechu (AcC) and Myrsine semicerata (MyS) forest are more suitable for the elephant. Species including Dillenia pentagaina (DiP), Saccharum spontaneum (SaS), and Pennnisetum purpureum (PeP) are the most preferable species of the elephant. Elephants dwelled in forest dominated by Mallotus philipinensis followed by Syzigiym cumini. Thus areas having these species were the most suitable habitats.
The weighted mean of discrete data was not available, whereas the weighted mean of continuous data was altitude (264m), precipitation (310mm), temperature (28.6 °C), slope (5.6°) and aspect (190°). Elephants were found mostly around the fire line and river, at an altitude of 150-350 m with temperature around 28.6 °C, crown cover 40-70 and slope below 0-5° (Figure 4) .
The correlation between elephant presence-absence and temperature is 0.24, that implies a slight positive relationship between them, the elephant is mostly found in increasing temperature (Appendix 1). Whereas there is almost no linear association between presenceabsence, and slope, dominant species, land cover of the plot, crown cover and ground cover. The relationship of altitude with temperature is negative, i.e., 0.84, the temperature of the area increases with a decrease in altitude and vice versa.
The elephant distribution prediction map based on altitude, slope, aspect, precipitation, and temperature only using boosted regression tree model is presented in Appendix 5. Other predictor variables were based specifically on field data and their extrapolation to spatial scale was not possible.
DISCUSSION
The elephant population in Nepal is restricted to the Terai and Siwalik regions, where there have been large-scale conversion of forest and expansion of agricultural lands (Koirala et al. 2015 ). This has resulted This result concludes that the study area is the most suitable for elephant to dwell. Our study revealed that the habitat is suitable in the Northeast and Southeast region of the study area, which is similar to the result of Shamsuddoha & Aziz (2015) . Rood et al. (2010) studies have found that the elephant's habitat use in a tropical forest is depicted by areas of high forest cover. Our analysis, however, found no marked relationship between ground cover, crown cover, and presence of elephants. Our findings revealed that in the study area, slope 0-5° and altitude 400m is suitable for elephants which are almost similar to the result of Areendran et al. (2011) . In accordance with the studies of Douglas et al. (2006 ), Lin et al. (2008 and Ochieng (2015), suitable habitat for elephants was found to be limited by augmentation of both altitude and slope. There is no abundance of elephants' presence sign with the increment of the altitude and slope in PNP. In order to preserve their energy needs, Ntumii et al. (2005) mention that elephants avoid the height and steeply sloped area.
Variability in results might have occurred due to the differences in sampling methods, variance in forest condition, composition, and sampling area, etc. The research outcome was concluded based on only one season field work; however, taking all the results of four seasons might produce more effective result. Data of precipitation and temperature were extracted from Worldclim; the data taken from the nearest metrological station of Samara could be better with more accuracy. The outcomes from this study, linked to slope, and elevation are valid for PNP only, and cannot be generalized to the habitat of an elephant in other countries. Further research should focus on creating map of elephant distribution, habitat suitability, and threats to elephant from invasive species.
CONCLUSION
BRT was applied to assess elephant habitat suitability in PNP. In this study, we analyzed the distribution of elephant using a combination of biotic and abiotic environmental variables, including the topographic and climatic factors. The model emphasizes on environmental suitability and contributes to knowledge for conservation of elephant in PNP. It provides a basis for habitat analysis. Elephants were recorded up to 400m and in northeastern and southeastern aspects. Its presence could not be related to forest cover and substrate condition. The result from the modeling may become useful to plan and delineate areas for management of elephant. It presents scope to minimize HEC through precautionary measures.
